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Novel Phthalazinones 



Field of application of the invention 

The invention relates to novel phthalazinone-derivatives, which are used in the pharmaceutical industry 
for the production of medicaments. 

Known technical background 

International Patent Applications W098/31674, WO99/31071, WO99/31090 and WO99/47505 disclose 
phthalazinone derivatives having selective PDE4 inhibitory properties. In the International patent appli- 
cation WO01/19818 phthalazinone derivatives with PDE3/4 inhibitory properties are disclosed. In the 
International Patent Application W094/12461 and in the European Patent Application EP 0 763 534 
3-aryI-pyridazin-6-one and arylalkyl-diazinone derivatives are described as selective PDE4 inhibitors. 

Description of the invention 

It has now been found that the phthalazinone-derivatives, which are described in greater details below, 
have surprising and particularly advantageous properties. 

The invention thus relates to compounds of formula I 



in which 

R1 is 1-2C-aikoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R2 is fluorine, bromine or chlorine, 

R3 and R4 are both hydrogen or together form an additional bond, 
R5 is R6, -C m H 2ni -R7 l -C n H2n-C(0)R8, -CH(R9) 2 , -C p H 2p -Y-Aryl1 , R12 or R26 t in which 
R6 1-8C-alkyl, 3-10C-cycloalkyl, 3-7C-cycloalkylmethyl, 3-7C-alkenyl, 3-7C-alkinyl, phenyl-3-4C- 
alkenyl, 7-10C-polycycIoalkyl, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidyl, quinazolinyl, qui- 
noxalinyl, cinnolinyl, isoquinolinyl, quinolinyl, indanyl, indazolyl, benzoxazolyl, benzothiazolyl, oxa- 



R5 
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zolyl, thiazolyl, N-methylpiperidyl, tetrahydropyranyl, 6-methyl-3-trifluoromethyl-pyridin-2-yl, 
1 ,3,4-trimethyM H-pyrazoIo[3,4-b]pyridin-6-yl, 3-thiophen-2-yI[1 ,2,4]thiadiazol-5-yI, 1 ,1-dioxide-te- 
trahydrothiophen-3-yl, 1-oxch1,3-dihydro-isobenzofuran-5-yl, 4-(4-yl-but-1-oxy)-benzoic acid, or 
an unsubstituted or by R61 and/or R62 substituted phenyl radical, in which 

R61 is hydroxy!, 1-4C-alkyl, 1-4C-alkoxy, nitro, cyano, halogen, carboxyl, hydroxycarbonyl-1-4C-alkyl, 
1-4C-aIkoxycarbonyl, hydroxy-1-4C-alkyl, amino, mono- or di-1-4C-alkylamino, 1-4C-alkyIcarbon- 
ylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl, aminosulfonyi, mono- or di-1-4C- 
alkylaminosulfonyl, 4-methylphenylsulfonamido, imidazolyl, tetrazol-5-yl, 2-(1-4C-alkyl)tetrazoi-5- 
yl or 2-benzyI-tetrazol-5-yl and 

R62 is 1 -4C-alkyl, 1 -4C-alkoxy, nitro or halogen, 

R7 is hydroxy!, halogen, cyano, nitro, nitroxy(-0-N0 2 ), carboxyl, carboxyphenyloxy, phenoxy, 
1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, 1-4C-alkylcarbonyl, 1-4C-aIkylcarbon- 
yloxy, 1-4C-alkylcarbonyIamino, 1-4C-alkoxycarbonyl, aminocarbonyl, mono- or di-1-4C-alkylami- 
nocarbonyl, amino, mono- or di-1-4C-alkylamino, or an unsubstituted or by R71 and/or R72 sub- 
stituted piperidyl, piperazinyl, pyrrolidinyl or morpholinyl radical, where 

R71 is hydroxyl, 1 -4C-alkyl, hydroxy-1 -4C-alkyl or 1 -4C-alkoxycarbonyI, and 

R72 is 1-4C-aIkyl, carboxyl, aminocarbonyl or 1-4C-alkoxycarbonyl, 

R8 is an unsubstituted or by R81 and/or R82 substituted phenyl, naphthy!, phenanthrenyl or anthra- 
cenyl radical, in which 

R81 is hydroxyl, halogen, cyano, 1-4C-alkyl, 1-4C-aIkoxy, carboxyl, aminocarbonyl, mono- or di-1-4C- 
alkylaminocarbonyl, 1-4C-a!kylcarbonyloxy, 1-4C-alkoxycarbonyI, amino, mono- or di-1-4C-alkyl- 
amino, 1-4C-alkyIcarbonylamino, or 1-4C-alkoxy which is completely or predominantly substituted 
by fluorine, and 

R82 is hydroxyl, halogen, 1-4C-alkyI, 1-4C-alkoxy or 1-4C-alkoxy which is completely or predomi- 
nantly substituted by fluorine, 
R9 is -C q H 2q -phenyI, 
Y is a bond or O (oxygen), 

AryM is an unsubstituted phenyl, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, quinazolinyi, qui- 
noxalinyl, cinnolinyl, isoquinolyl, quinolyl, coumarinyl, benzimidazolyl, benzoxazolyl, benzothia- 
zolyl, benzotriazolyl, N-benzosuccinimidyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, furyl, thienyl, 
pyrrolyl, a 2-(1-4C-alkyl)-thiazol-4-yl radical, or a phenyl radical substituted by R10 and/or R1 1, in 
which 

R10 is hydroxyl, halogen, nitro, cyano, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, carboxyl, hydroxycar- 
bonyl-1-4C-alkyl, 1-4C-alkylcarbonyloxy, 1-4C-alkoxycarbonyI, amino, mono- or di-1-4C-alkyI- 
amino, 1-4C-alkylcarbonylamino, aminocarbonyl, mono- or di-1-4C-alkylamino-carbonyl, imida- 
zolyl or tetrazolyl, and 

R1 1 is hydroxyl, halogen, nitro, 1-4C-aIkyI or 1-4C-alkoxy, 

m is an integer from 1 to 8, 

n is an integer from 1 to 4, 

p is an integer from 1 to 6, 
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q is an integer from 0 to 2, 
R1 2 is a radical of formula (a) 




N-R13 



(a) 



wherein 



R13 is -S(0) 2 -R14, -S(0) 2 -(CH 2 ) r -R15, -(CH 2 ) S -S(0) 2 -R16, -C(0)R17, -C(OMCH 2 ) r R18, 

-(CH 2 ) S -C(0)-R19, HetaryM, Aryl2 or AryI3-1-4C-alkyI, 
R14 is 1-4C-alkyI, 5-dimethylaminonaphthaIin-l-yl, -N(R20)R21, phenyl or phenyl substituted by R22 

and/or R23, 
R15 is-N(R20)R21, 
R16 is-N(R20)R21, 

R17 is 1-4C-alkyl, hydroxycarbonyl-1-4C-alkyl, phenyl, pyridyl, 4-ethyl-piperazin-2,3-dion-1-yl, 2-oxo- 

imidazolidin-1-yl or -N(R20)R21, 
R18 is-N(R20)R21, 

R19 is -N(R20)R21 , phenyl, phenyl substituted by R22 and/or R23 and/or R24, 
R20 and R21 are independent from each other hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cyclo- 
alkylmethyl or phenyl, or R20 and R21 together and with inclusion of the nitrogen atom to which 
they are bonded, form a 4-morpholinyl-ring, 1-pyrroIidinyl-ring, 1-piperidinyI-ring, 1-hexahydro- 
azepino-ring or a 1-piperazinyl-ring of formula (b) 



R25 is pyrid-4-yl, pyrid-4-ylmethyl, 1-4C«alkyl-dimethylamino, dimethylaminocarbonylmethyl, 

N-methyl-piperidin-4-yl, 4-morpholino-ethyl or tetrahydrofuran-2-ylmethyl, 
R22 is halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, l-4C-alkoxycarbonyl, 

amino, mono-or di-1-4C-alkylamino, aminocarbonyl 1-4C-alkylcarbonylamino or mono-or di- 

1 -4C-aIkylaminocarbonyl, 
R23 is halogen, amino, nitro, 1-4C-alkyl or 1-4C-alkoxy, 
R24 is halogen, 

Hetaryll is pyrimidin-2*yl, thieno-p^-dlpyrimidin^-yl, 1-methyl-1H-pyrazolo-[3,4-d]pyrimidin-4-y[, thia- 

zolyl, imidazolyl or furanyl, 
Aryl2 is pyridyl, phenyl or phenyl substituted by R22 and/or R23, 

Aryl3 is pyridyl, phenyl, phenyl substituted by R22 and/or R23, 2-oxo-2H-chromen-7-yI or 

4-(1 ,2,3-thiadiazol-4-yl)phenyl, 
r is an integer from 1 to 4, 




-R25 



(b) 



wherein 
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s is an integer from 1 to 4, 
R26 is a radical of formula (c) 



X-N N-R27 




0 



(C) 



wherein 



R27 is -C(0)R28, ~(CH 2 ) r C(0)R29, -(CH^RSO, Aryl4, Hetaryl2, phenylprop-1-en-3-yl or 1-methyI- 
piperidin-4-yl, 

R28 hydrogen, 1-4C-alkyl, -OR31, furanyl, indolyl, phenyl, pyridyl, phenyl substituted by R34 and/or 

R35 or pyridyl substituted by R36 and/or R37 r 
R29 is -N(R32)R33, 

R30 is -N(R32)R33, tetrahydrofuranyl or pyridinyl, 
R31 is 1-4C-alkyl, 

R32 is hydrogen, 1-4C-aIkyl, 3-7C-cycIoalkyl or 3-7C-cycloalkylmethyl, 
R33 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 

or R32 and R33 together and with inclusion of the nitrogen atom to which they are bonded, form a 
4-morpholinyl-, 1-pyrrolidinyl-, 1-piperidinyl- or 1-hexahydroazepinyl-ring, 

Aryl4 is phenyl, pyridyl, pyrimidinyl, phenyl substituted by R34 and/or R35, pyridyl substituted by R36 
and/or R37, 

R34 is halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R35 is halogen or 1 -4C-alkyl, 

R36 is halogen, nitro, 1-4C-aIkyl, trifluoromethyl or 1-4C-alkoxy, 
R37 is halogen or 1-4C-alkyl, 

Hetaryl2 is indol-4-yl, 2-methyl»quinoIin-4-yl, 5-chloro-6-oxo-1 -phenyl-1 ,6-dihydro-pyridazin-4-yl, 

3-phenyl-1,2,4-thiadia2ol-5-yl or 3-o-tolyl-1,2,4-thiadiazol-5-yl, 
t is an integer from 1 to 4, 
u is an integer from 1 to 4, 
v is an integer from 1 to 2, 
X is-C(0)-or-S(0) r , 

and the salts of these compounds, with the proviso that the compound (cis)-4-(3-Chloro-4-methoxy- 
phenyl^-cycloheptyl^a^.B.Sa-tetrahydro^H-phthalazin-l -one is excluded. 



1-8C-Alkyl is a straight-chain or branched alkyl radical having 1 to 8 carbon atoms. Examples are the 
octyl, heptyl, isoheptyl (5-methylhexyl), hexyl, isohexyl (4-methylpentyl), neohexyl (3,3-dimethylbutyl), 
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neopentyl (2,2-dimethylpropyl), pentyl, isopentyl (3-methylbutyl), 1-ethylpropyl, butyl, isobutyl, sec-butyl, 
tert-butyl, propyl, isopropyl, ethyl and methyl radicals. 

1-4C-Alkyl is a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples are the 
butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyl, ethyl and methyl radicals. 

1-4C-A!koxy is a radical, which, in addition to the oxygen atom contains a straight-chain or branched 
alkyl radical having 1 to 4 carbon atoms. Alkoxy radicals having 1 to 4 carbon atoms which may be 
mentioned in this context are, for example, the butoxy, iso-butoxy, sec-butoxy, tert-butoxy, propoxy, 
isopropoxy, ethoxy and methoxy radicals. 

1-4C-Alkoxy which is completely or predominantly substituted by fluorine is, for example, the 2,2,3,3,3- 
pentafluoropropoxy, the perfluoroethoxy, the 1,2,2-trifluoroethoxy and in particular the 1,1,2,2-tetra- 
fluoroethoxy, the 2,2,2-trifluoroethoxy, the trifluoromethoxy and the difluoromethoxy radical. "Predomi- 
nantly" in this connection means that more than half of the hydrogen atoms of the 1-4C-alkoxy groups is 
replaced by fluorine atoms. 

1-2C-Alkoxy which is completely or predominantly substituted by fluorine is, for example, the 1 ,1 ,2,2-te- 
trafluoroethoxy, the 2,2,2-trifluoroethoxy and in particular the trifluoromethoxy and the difluoromethoxy 
radical. 

1-8C-Alkoxy is a radical which, in addition to the oxygen atom, contains a straight-chain or branched 
alkyl radical having 1 to 8 carbon atoms. Alkoxy radicals having 1 to 8 carbon atoms which may be 
mentioned in this context are, for example, the octyloxy, heptyloxy, isoheptyloxy (5-methylhexyloxy), 
hexyloxy, isohexyloxy (4-methylpentyloxy), neohexyloxy (3,3-dimethylbutoxy), pentyloxy, isopentyloxy 
(3-methylbutoxy), neopentyloxy (2,2-dimethylpropoxy), butoxy, isobutoxy, sec-butoxy, tert-butoxy, pro- 
poxy, isopropoxy, ethoxy and methoxy radicals. 

3-7C-Cycloalkoxy stands for cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy or cyclo- 
heptyloxy, of which cyclopropyloxy, cyclobutyloxy and cyclopentyloxy are preferred. 

3-7C-Cycloalkylmethoxy stands for cyclopropylmethoxy, cyclobutylmethoxy, cyclopentylmethoxy, cyclo- 
hexylmethoxy or cycloheptylmethoxy, of which cyclopropylmethoxy, cyclobutylmethoxy and cyclopen- 
tylmethoxy are preferred. 

3-10C-Cydoalkyl stands for cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, eye- 
lononyl or cyclodecyl. 

3-7C-Cycloalkylmethyl stands for a methyl radical, which is substituted by one of the abovementioned 
3-7C-cycloalkyl radicals. Examples which may be mentioned are the cyclopropylmethyl, the cyclopentyl- 
methyl and the cyclohexylmethyl radicals. 
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3-7C-Alkenyl is a straight chain or branched alkenyl radical having 3 to 7 carbon atoms. Preferred ex- 
amples are the 2-butenyl f 3-butenyl, 1-propenyl and the 2-propenyl (allyl) radicals. 

3-7C-AlkinyI Is a straight chain or branched alkinyl radical having 3 to 7 carbon atoms. Preferred exam- 
ples are the 2-pentinyl, 2-butinyl, 3-butinyl and the 2-propinyl (propargyl) radicals. 

7-10C-PoIycycloalkyl stands for 7-10C-bicycIoalkyl or 7-10C-tricycloalkyl radicals, such as for example, 
bornyl, norbornyl or adamantyl. 

A Phenyl-3-4C-alkenyI radical is, for example, the pheny!prop-1-en-3-yl radical. 

Halogen within the meaning of the present invention is bromine, chlorine and fluorine. 

l-4C-Alkylcarbonyl is a carbonyl group to which one of the abovementioned 1-4C-alkyl radicals is bon- 
ded. An example is the acetyl radical [CH 3 C(0)-]. 

1-4C-AlkylcarbonyIoxy radicals contain, in addition to the oxygen atom, one of the abovementioned 
1-4C-alkylcarbonyl radicals. An example is the acetoxy radical [CH 3 C(0)-0-]. 

A 1-4C-Alkylcarbonylamino radical is, for example, the acetamido radical [-NH-C(0)-CH 3 ]. 

1-4C-Alkoxycarbonyl is a carbonyl group to which one of the abovementioned 1-4C-alkoxy radicals is 
bonded. Examples are the ethoxycarbonyl [CH 3 CH 2 0-C(0)-] and the methoxycarbonyl [CH 3 0-C(0)-] 
radicals. 

Mono- or Di-l-4C-alkylaminocarbonyl radicals are, for example, the methylaminocarbonyl, the dimethyl- 
aminocarbonyl and the diethylaminocarbonyl radicals. 

Mono- or Di-1-4C-alkylamino radicals are, for example, the methylamino, the dimethylamino and the 
diethylamino radicals. 

Mono- or Di-1-4C-alkylaminosulfonyl stands for a sulfonyl group to which one of the abovementioned 
mono- or di-1-4C-alkylamino radicals is bonded. Examples which may be mentioned are the methyl- 
aminosulfonyl, the dimethylaminosulfonyl and the ethylaminosulfonyl radical. 

Hydroxy-1-4C-alkyl stands for one of the abovementioned 1-4C-alkyl radicals which is substituted by 
hydroxyl. Examples which may be mentioned are the hydroxymethyl radical, the 2-hydroxyethyl radical 
or the 3-hydroxypropyl radical. 
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HydroxycarbonyM-4C-alkyl radicals are, for example, the hydroxycarbonylmethyl [-CH 2 C(0)OH] and 
the hydroxycarbonylethyl [-CH 2 CH 2 C(0)OH] radicals. 

If R3 and R4 together form an additional bond, then the carbon atoms to which R3 and R4 are attached 
are linked to one another via a double bond. 

The groups -CJW, -CnH^-, -CpH^- and -C q H 2q - can be straight chain or branched groups. Examples 
which may be mentioned for the -CmhW group are the octylene, heptylene, isoheptylene (2-methyl- 
hexylene), hexylene, isohexylene (2-methylpentylene), neohexylene (2,2-dimethylbutylene), butylene, 
isobutylene, sec-butylene, tert-butylene, propylene, isopropylene, ethylene, 1-methylmethylene and the 
methylene group. 

Examples which may be mentioned for the -C p H 2p - group are the hexylene, isohexylene (2-methyl- 
pentylene), neohexylene (2,2-dimethylbutylene), butylene, isobutylene, sec-butylene, tert-butylene, pro- 
pylene, isopropylene, ethylene, 1-methylmethylene and the methylene group. 

Examples which may be mentioned for the -C m H 2m - group are the butylene, isobutylene, sec-butylene, 
tert-butylene, propylene, isopropylene, ethylene, 1-methylmethylene and the methylene group. 

Examples which may be mentioned for the -C q H 2q - group are the ethylene, 1-methylmethylene and the 
methylene group. The group -C q H 2q - represents a covalent bond in case of q is 0 (zero). 

Aza-heterocyles which are a component (=Aryl1) of the group of substituents defined as -C p H 2p -Aryl1 
and contain the grouping -NH- (imino), such as for example, pyrrole, imidazole, benzimidazole, benzo- 
triazole or benzosuccinimide, are preferably bonded via their imino-nitrogen to the above defined 
-C p H 2p - group. 

Suitable salts for compounds of the formula I - depending on substitution - are all acid addition salts or 
all salts with bases. Particular mention may be made of the pharmacologically tolerable inorganic and 
organic acids and bases customarily used in pharmacy. Those suitable are, on the one hand, water- 
soluble and water-insoluble acid addition salts with acids such as, for example, hydrochloric acid, hy- 
drobromic acid, phosphoric acid, nitric acid, sulphuric acid, acetic acid, citric acid, D-gluconic acid, ben- 
zoic acid, 2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sulphosalicylic acid, maleic acid, lauric acid, 
malic acid, fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic acid, toluenesul- 
phonic acid, methanesulphonic acid or 3-hydroxy-2-naphthoic acid, the acids being employed in salt 
preparation - depending on whether a mono- or polybasic acid is concerned and depending on which 
salt is desired - in an equimolar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are - depending on substitution - also suitable. As examples of salts 
with bases are mentioned the lithium, sodium, potassium, calcium, aluminium, magnesium, titanium, 
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ammonium, meglumine or guanidinium salts, here, too, the bases being employed in salt preparation in 
an equimolar quantitative ratio or one differing therefrom. 

Pharmacologically intolerable salts, which can be obtained, for example, as process products during the 
preparation of the compounds according to the invention on an industrial scale, are converted into 
pharmacologically tolerable salts by processes known to the person skilled in the art. 

According to expert's knowledge the compounds of the invention as well as their salts may contain, e.g. 
when isolated in crystalline form, varying amounts of solvents. Included within the scope of the inven- 
tion are therefore all solvates and in particular all hydrates of the compounds of formula I as well as all 
solvates and in particular all hydrates of the salts of the compounds of formula I. 

Compounds of formula I which are to be emphasized are those in which 

R1 is methoxy or ethoxy, 

R2 is chlorine, bromine or fluorine 

R3 and R4 together form an additional bond, 

R5 is R6, -CJWR7, -C p H 2 p-Y-Aryl1 , R12 or R26 in which 

R6 3-6C-cycloa!kyl, 3-7C-cycloalkylmethyl, quinoxalinyl, indazolyl, benzothiazolyl, 6-methyl-3- 
trifluoromethyl-pyridin-2-yl t 1 , 3,4-trimethyM H-pyrazolo[3,4-b]pyridin-6-yl, 3-thiophen-2-yl[1 ,2,4]- 
thiadiazol-5-yl, 1 J-dioxide-tetrahydrothiophen-3-yl, 1-oxo-1,3-dihydro-isobenzofuran-5-yl, 4-(4-yl- 
but-1-oxy)-benzoicacid, or an unsubstituted or by R61 substituted phenyl radical, in which 

R61 is 1-4C-alkyl, 1-4C-alkoxy, carboxyl or 1-4C-alkoxycarbonyl, 

R7 is carboxyphenyloxy, 

Y is a bond, 

Aryll is imidazolyl, 

m is an integer from 1 to 4, 

p is an integer from 1 to 4, 

R12 is a radical of formula (a) 



wherein 

R13 is -S(0) 2 -R14, -C(0)R17 or Aiyl3-1-4C-alkyl, 

R14 is phenyl or phenyl substituted by R22, 

R17 is 1-4C-alkyl, 2-oxo-imidazo!idin-1-yl or -N(R20)R21 , 

R20 and R21 are independent from each other 1-7C-alkyl, or R20 and R21 together and with inclusion 
of the nitrogen atom to which they are bonded, form a 4-morpholinyl-, 1-pyrrolidinyl-, 1-piperi- 
dinyl- or 1-hexahydroazepino-ring, 




I-R13 
(a) 



WO 02/085906 



-9- 



PCT7EP02/04438 



R22 is 1-4C-alkyl, 

Aryl3 ispyridyl, 

R26 is a radical of formula (c) 



6 



X-N 




-R27 



(c) 



wherein 

R27 is -(CH 2 )uR30, 
R30 is -N(R32)R33, 
R32 is 1-4C-alkyl, 
R33 is1-4C-alkyl, 

or R32 and R33 together and with inclusion of the nitrogen atom to which they are bonded, form a 

4-morpholinyl-, 1-pyrroIidinyl-, 1-piperidinyl- or 1-hexahydroazepinyl-ring, 
u is an integer from 1 to 4, 
v is 1, 
X is -C(O)-, 

and the salts of these compounds. 

Compounds of formula I which are particularly to be emphasized are those in which 

R1 is methoxy or ethoxy, 

R2 is chlorine, bromine or fluorine, 

R3 and R4 together form an additional bond, 

R5 is 1-(morpholin-4-yl-methanoyl)-piperidin-4-yl, 1-(toluene-4-sulfonyl)-piperidin-4-yl, 1-acetyl-piperi- 
din-4-yl, 1 -(pyridin-4-ylmethyl)-piperidin-4-yl, 4-{1 -[4-(2<limethylamino-ethyl)-piperazin-l -yl]- 
methanoyl}-phenyl, quinoxalin-2-yl, 6-methyI-3-trifluoromethyl-pyridin-2-yl, 1 ,3,4-trimethyM H-py- 
razolop^-bjpyridin-e-yl, phenyl, 3-thiophen-2-yl[1 ,2,4]thiadiazol-5-yl, 1 ,1 -dioxide-tetrahydrothio- 
phen-3-yl, benzothiazol-6-yl, l-oxo-l^-dihydro-isobenzofuran-S-yl, 1H-indazol-5-yl, cyclopentyl, 
4-imidazol-1-yI-butyl, 4-(4-yl-but-1-oxy)-benzoic acid, 4-hydroxycarbonylphenyl or 1-[1-[2-oxo-imi- 
dazolidin-1-yl)methanoyl]piperidin-4-yl, 

and the salts of these compounds. 

Preferred compounds of formula I are those in which 
R1 is methoxy or ethoxy, 
R2 is chlorine, 

R3 and R4 together form an additional bond, 
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R5 is 1-(moipholin-4-yi-methanoyl)-piperidin-4-yI, 1-(toIuene-4-sulfonyl)-piperidin-4-yl t 1 -acetyl-piperi- 
din-4-yI, 1 -(pyridin-4-ylmethyl)-piperidin-4-yl, 4-{1 -[4-(2-dimethylamino-ethyl)-piperazin-1 -yl]-me- 
thanoyl}-phenyi, quinoxalin-2-yl, 6-methyI-3-trifluoromethyl-pyridin-2-yl, 1,3,4-trimethyMH-pyra- 
zolo[3,4-b]pyridin-6-yl, phenyl, 3-thiophen-2-yl[1 ,2,4]thiadiazol-5-yl, 1,1-dioxide-tetrahydrothio- 
phen-3-yl, benzothiazol-6-yl, l-oxo-1,3-dihydro-isobenzofuran-5-yl, 1H-indazol-5-yI, cyclopentyl, 
4-imidazol-1-yl-butyI, 4-(4-yI-but-1-oxy)-benzoic acid, 4-hydroxycarbonylphenyl or 1-[1-[2-oxo-imh 
dazolidin-1«yl)methanoyI]piperidin-4-yl, 

and the salts of these compounds. 

Further preferred compounds of formula I are 

(cis)-4-(3-Chloro-4-metho^^ 

dro-2H-phthalazin-1 -one, 

(cisH-(3-Chloro-4-methoxy-ph 

phthalazin-1-one, 

(cis)-2-(1-Acetyl-piperidin-4-^ 

one, 

(cis)-4-(3-Chloro-4-methoxy-pheny!^ 
phthalazin-1-one, 

(cis)-4-(3-Chloro-4-methoxy-phenyl)-2-(4^ 
phenylJ^a^^.Sa-tetrahydro^H-phthalazin-l-one, 
(cis)-4-(3-Chloro-4-methoxy-phenyl)-2-(6-m^ 
phthaIazin-1-one, 

(cis)-2-Benzothiazo!-6-yl-4-(3-chloro-4-metho 

(cisM-(3-Chloro-4-methoxy-phenyl)^ 

phthalazin-1-one, 

(cis)-4-(3-Chloro-4-methoxy-phen^ 

(cis)-4-(3-Ch!oro-4-methoxy-phen^ 

(cis)-4-(3-Chloro-4-methoxy-phenyl)-2^^^ 

(cis)-4-{4-[4-(3-Chloro-4-meto^ 

zoic acid, 

(cis)-4-[4-(3-Fluoro-4-methoxy-phenyl)-1 -oxo-4a,5,8,8a-tetrahydro-1 H-phthalazin-2-yI]-benzoic acid, 
(cisH-{4-(3-chloro-4-methoxyphenyl)-1^^ acid, 

(cis)-4-{4-(3-bromo-4-methoxyphenylH^^ acid, 

(cis)-4-(3-chloro-4-methoxy-phen^^ 

(cis)-4-(3-Chloro^-methoxy-phenyl)-2-(1,^^^ 

hydro-2H-phthalazin-1 -one, 

(cisM-(3-Chloro-4-methoxy-pheny^^ 

phthaIazin-1-one, 

(cis)-4-(3-Chloro-4-methoxy-phenyl)-2-(1 , 1 -dioxo-tetrahydro-1 l(6)-thiophen-3-yl)-4a,5,8,8a-tetrahydro- 
2H-phthalazin-1 -one, 
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(cisH-(3-Chloro-4^thoxy-pte^ 
.(cisM-(3-Chloro^-meto 

(cis)-4-(3-Ch!oro-4-methoxy-phenyl)-2-{1 -[1 -(2^xo-imidazolidin-1-yI)-methanoyl]-piperidin-4-yl}- 

4a,5,8,8a-tetrahydro-2H-phthalazin-1-one, 

and the salts of these compounds. 

A special embodiment of the compounds of the present invention include those compounds of formula I 
in which R1 is 1-2C-alkoxy, R2 is chlorine, R3 and R4 together form an additional bond and R5 is R6. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R1 is 1-2C-alkoxy, R2 is chlorine, R3 and R4 together form an additional bond and 
R5is-C m H 2m ^R7. 

A further special embodiment of the compounds of the present invention include those compounds of 
formula I in which R1 is 1-2C-alkoxy, R2 is chlorine, R3 and R4 together form an additional bond and 
R5 is -C p H 2p -Y-Ary!1. 

Still another special embodiment of the compounds of the present invention include those compounds 
of formula I in which R1 is 1-2C-alkoxy, R2 is chlorine, R3 and R4 together form an additional bond and 
R5 is R12. 

Yet another special embodiment of the compounds of the present invention include those compounds 
of formula I in which R1 is 1-2C-a!koxy, R2 is chlorine, R3 and R4 together form an additional bond and 
R5 is R26. 

The compounds of formula I are chiral compounds. Chiral centers exist in the compounds of formula I 
in the positions 4a and 8a. 



R5 

/ 



Numbering: 




Therefore the invention includes all conceivable pure diastereomers and pure enantiomers of the com- 
pounds of formula I, as well as all mixtures thereof independent from the ratio, including the racemates. 
Preferred are those compounds of formula I, in which the hydrogen atoms in the positions 4a and 8a 
are cis-configurated. Especially preferred in this connection are those compounds, in which the abso- 
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lute configuration (according to the rules of Cahn, Ingold and Prelog) is S in the position 4a and R in the 
position 8a. 

Racemates can be split up into the corresponding enantiomers by methods known by a person skilled 
in the art. Preferably the racemic mixtures are separated into two diastereomers during the preparation 
with the help of an optical active separation agent on the stage of the cyclohexanecarboxylic acids or 
the 1,2,3,6-tetrahydrobenzoic acids (for example, starting compounds A5 and A6). As separation 
agents may be mentioned, for example, optica! active amines such as the (+)- and (-)-forms of 1-phe- 
nylethylamine [(R)-(+)-1-phenylethy)amine = D-a-methylbenzylamine; or (S)-(-)-1-phenylethylamine = 
L-a-methylbenzylamine), ephedrine, the optical active alkaloids quinine, cinchonine, cinchonidine and 
brucine. 

The compounds according to the invention can be prepared, for example, as described in Reaction 
scheme 1, 2 or 3. 
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Compounds, in which R5 stands for R12 are preferably prepared according to reaction scheme 2. 



Reaction scheme 2: 



o 



o 

A. 



HN 
HN^ 



r 



cone. HCI 



P 



R1 




OH 



H 2 N N 



X 2 HCI 





-O 



(I, R5= R12 = ( N-R13) 
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Compounds, in which R5 stands for R26 are preferably prepared according to reaction scheme 3. 



Reaction scheme 3: 




R3 R4 





R27 




X-CI 




X-V \l-R27 



R3 R4 



R3 R4 



(I, R5 = R26 ~ X-|/ \l-R27) 



Suitably, the conversions are carried out analogous to methods which are familiar per se to the person 
skilled in the art, for example, in the manner which is described in the following examples. 
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The substances according to the invention are isolated and purified in a manner known per se, e.g. by 
distilling off the solvent in vacuo and recrystallising the residue obtained from a suitable solvent or sub- 
jecting it to one of the customary purification methods, such as column chromatography on a suitable 
support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (for example a ketone like ace- 
tone, methylethylketone, or methylisobutylketone, an ether, like diethyl ether, tetrahydrofuran or diox- 
ane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low molecular weight 
aliphatic alcohol, such as ethanol, isopropanol) which contains the desired acid, or to which the desired 
acid is then added. The salts are obtained by filtering, reprecipitating, precipitating with a non-solvent 
for the addition salt or by evaporating the solvent. Salts obtained can be converted by basification into 
the free compounds which, in turn, can be converted into salts. In this manner, pharmacologically non- 
tolerable salts can be converted into pharmacologically tolerable salts. 

The following examples illustrate the invention in greater detail, without restricting it. As well, further 
compounds of formula I, of which the preparation is explicitly not described, can be prepared in an 
analogous way or in a way which is known by a person skilled in the art using customary preparation 
methods. 

The compounds, which are mentioned in the examples as well as their salts are preferred compounds 
of the invention. 
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Examples 

Final products 

1. (cisM-(3-Chloro-4-methoxv-phenvO-2-ri-(1-m 
4a t 5 i 8.8a-tetrahvdro-2H-phthalazin-1-one 

A solution of 1 .0 g of intermediate product A1 and 1 .0 g of morpholine-4-carbony) chloride in 50 ml of 
pyridine is stirred at RT for 18 h after which the mixture is evaporated. The residue is partitioned 
between aqueous sodium carbonate and dichloromethane. The dichloromethane layer is dried over 
magnesium sulfate and evaporated. The compound is crystallised from diethyl ether. M. p. 185-186°C. 

2. (clsM-(3-Chloro-4-methoxv-phenvn^^ 
tetrahvdro-2H-phthalazin-1 -one 

A solution of 1 .0 g of intermediate product A1 and 1 .0 g of p-toluenesulfonyl chloride in 50 ml of pyridine 
is stirred at RT for 18 h after which the mixture is evaporated. The residue is partitioned between aque- 
ous sodium carbonate and dichloromethane. The dichloromethane layer is dried over magnesium sul- 
fate and evaporated. Crystallised from a mixture of ethyl acetate and petroleum ether (60-80°C). M. p. 
198-199°C. 

3. (cis)-2-H-Acetvl-piperidin-4^ 
phthalazin-1-one 

A solution of 1 .0 g of intermediate product A1 and 1 .0 g of acetic anhydride in 50 ml of pyridine is stirred 
at RT for 18 h after which the mixture is evaporated. The residue is partitioned between aqueous 
sodium carbonate and dichloromethane. The dichloromethane layer is dried over magnesium sulfate 
and evaporated. Crystallised from ethyl acetate. M. p. 206-208°C. 

4. (cis)-4-(3-Chloro-4-methoxv-phenv^ 
tetrahvdro-2H-phthalazin-1 -one hydrochloride 

A mixture of 1.0 g of intermediate product A1, 1.0 g of 4-picolyIchloride hydrochloride and 1.0 g of 
potassium carbonate in 20 ml of dimethylformamide is stirred for 18 h at RT after which 100 ml of water 
is added to the reaction mixture. The mixture is extracted with diethyl ether. The ether solution is dried 
over magnesium sulfate. After the addition of a saturated solution of hydrochloric acid in ether, the 
compound precipitated. M. p. 244°C (decomposition). 
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5. (cis)-4-(3-ChIoro-4-methoxv-^^ 
methanov»-ohenvn-4a,5.8,8a-tetrahydro-2H-phthala2in-1-one dlhvdrochloride 

A mixture of 2 mmol of intermediate product A2, 2 mmol of l-(2-dimethylaminoethyl)-piperazine and 3 
mmol of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride in 30 ml of dimethylformamide is 
stirred for 18 h, after which the mixture is poored into aqueous sodium carbonate. This mixture is ex- 
tracted with diethyl ether and the extract is dried over magnesium sulfate. Addition of a solution of hy- 
drochloric acid in ether causes precipitation of the title compound. M. p. 1 98-201 °C 

6. (cisM-(3-ChIoro^-methoxv-phew^^ 
tetrahvdro-2H-phthalazin-1 -one 

A solution of 12 mmol of e-methyl^-trifiuoromethyl-pyridin^-ylj-hydrazine, 10 mmol of starting com- 
pound A6 and 1 g of pyridine hydrochloride in 50 ml of pyridine is refluxed for 18 h after which the sol- 
vent is evaporated. The residue is dissolved in dichloromethane and this solution is washed with 1N 
hydrochloric acid. The organic phase is dried over magnesium sulfate and evaporated. The residue is 
crystallised from diethyl ether. M. p. 156-157°C. 

7. (cis)-2-Benzothiazol-6-vl-4-f3-chloro-4-methoxv-phenvlMa.5.8.8a-tetrahvdro-2H- 
phthalazin-1-one 

A solution of 12 mmol of benzothiazol-6-ylhydrazine, 10 mmol of starting compound A6 and 1 g of pyri- 
dine hydrochloride in 50 ml of pyridine is refluxed for 18 h after which the solvent is evaporated. The 
residue is dissolved in dichloromethane and this solution is washed with 1N hydrochloric acid. The or- 
ganic phase is dried over magnesium sulfate and evaporated. The residue is crystallised from diethyl 
ether. M. p, 156-1 57°C. 

8. (cisM-(3»Ch1oro-4-methoxv-phe^ 
tetrahvdro-2H-phthalazin-1 -one 

A solution of 12 mmol of 5-hydrazino-3H-isobenzofuran-1-one, 10 mmol of starting compound A6 and 1 
g of pyridine hydrochloride in 50 ml of pyridine is refluxed for 18 h after which the solvent is evaporated. 
The residue is dissolved in dichloromethane and this solution is washed with 1N hydrochloric acid. The 
organic phase is dried over magnesium sulfate and evaporated. The residue is crystallised from diethyl 
ether. M. p. 212-213°C. 
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9. (cis)-4-(3-Chloro^-methoxv-phen^^ 
phthalazin-1-one hydrochloride 

A solution of 12 mmol of 1 H-indazol-5-ylhydrazine, 10 mmol of starting compound A6 and 1 g of pyri- 
dine hydrochloride in 50 ml of pyridine is refiuxed for 18 h after which the solvent is evaporated. After 
evaporating the pyridine, the residue is dissolved in ethyl acetate and washed with aqueous sodium 
carbonate. The solvent is dried over magnesium sulfate and evaporated. The residue is dissolved in 
ethyl acetate and to this solution, a solution of hydrochloric acid in ether is added. The precipitate is 
filtered off and dried. M p. 196-197°C. 

10. (cis)-4-(3-Chloro-4-methoxv^^ 
one 

12 mmol of sodium hydride is added to a solution of 10 mmol of intermediate product A3 in 50 ml of 
DMF. The resulting mixture is stirred for 30 min after which 10 mmol of chlorocyclopentane is added. 
The resulting mixture is stirred for 1 h and subsequently poured into water. The precipitate is filtered off 
and crystallised from methanol. M. p. 201-202°C. 

11. (clsM-(3-Ch]oro-4-methoxv-phen^^ 
phthalazm-1-one hydrochloride 

A mixture of 5 mmol of intermediate product A4 and 20 mmol of imidazole in 20 ml of DMF is stirred for 
18 h at RT after which the solution is poured into aqueous sodium carbonate. This solution is extracted 
with diethyl ether. After drying over magnesium sulfate, a solution of hydrochloric acid in ether is added. 
The precipitate is filtered off and dried. M. p. 217-219°C. 

12. (cisM-f4-r4 -(3-Chloro-4^ 
butoxvV-benzoic acid 

A solution of 5 mmol of intermediate product A4, 5 mmol of 4-hydroxybenzoic acid and 20 mmol of 
potassium carbonate in 50 ml of DMF is stirred for 18 h at RT after which the solution is poured into 
water. This aqueous solution is washed with diethyl ether twice and subsequently acidified with hydro- 
chloric acid. The acidified solution is extracted with diethyl ether (3x) and the organic solution is dried 
over magnesium sulfate. The compound crystallised on concentrating under reduced pressure. M. p. 
169-1 71 °C. 
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13. (cis)-4-r4^3-Fluoro^-methoxv^ 
benzoic acid 

A solution of 12 mmol of 4-hydrazinobenzoic acid, 10 mmol of starting compound A5 and 1 g of pyridine 
hydrochloride in 50 ml of pyridine is refluxed for 18 h after which the solvent is evaporated. The residue 
is dissolved in dichloromethane and this solution is washed with 1N hydrochloric acid. The organic 
phase is dried over magnesium sulfate and evaporated. The residue is crystallised from diethyl ether. M 
p. 201-203°C. 

14. fcisM-{4-(3-chloro-4-methoxv^ 
benzoic acid 

A solution of 8 g of starting compound A6 and 8 g of 4-hydrazinobenzoic acid in a mixture of 100 ml of 
1-propanol and 5 ml of triethylamine is refluxed for 18 h. After evaporating the solvent, the residue is 
partitioned between diluted hydrochloric acid and dichloromethane. The organic layer is dried over 
magnesium sulfate and evaporated. The residue is purified by chromatography (ethyl acetate). Crystal- 
lisation from diethyl ether. M. p. 222-224°C. 

15. (cis)-4-(4-(3-bromo^-methoxvphe 
benzoic acid 

Prepared from 4-hydrazinobenzoic acid and starting compound A10 as described for compound 13. 
M. p. 231-234°C 

16. (cis)-4-(3-chloro-4-methoxv-phen^ 
1-one 

Prepared from quinoxalin-2-yI-hydrazine and starting compound A6 as described for compound 7. 
M.p. 172-174°C 

17. (cisM-ra-C hloro^-methoxv-phenvl^^^ 
4a.5.8.8a-tetrahvdro-2H-phthalazin-1-one 

Prepared from (1,3 l 4-trimethyl-1H-pyrazolo[3,4-b]pyridin-.6-yl)-hydrazine and starting compound A6 as 
described for compound 7. M. p. 217-219X 
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18. (cis)^3-Chloro^-methoxv-p^ 
tetrahvdro-2H-phthalazin-1-one 

Prepared from (3-thiophen-2-yl-[1 ,2,4]thiadiazol-5-yl)-hydrazine and starting compound A6 as described 
for compound 7. M. p. 254-256 °C 

19. (cisM-(3-Chloro-4-methoxv^ 
tetrahvdro-2H-phthalazin-1 -one 

Prepared from (1,1-dioxo-tetrahydro-ll 6 -thiophen-3-yl)-hydrazine and starting compound A6 as de- 
scribed for compound 7. M. p. 181-184 °C 

20. (cisM-(3-Chloro-4-ethoxv-phen^ 

Prepared from phenylhydrazine and starting compound A11 as described for compound 7. M. p. 161- 
162 °C 

21. (cisM-(3-Chloro^-methoxv-phen^ 

Prepared from phenylhydrazine and starting compound A6 as described for compound 7. M. p. 151- 
152 °C 

22. cis-4-(3-Chloro^-methoxv-phenvn^ 
4-vlMa.5.8.8a-tetrahvdro-2H-phthalazin-1-one 

Prepared from intermediate product A1 and 2-oxo-imidazolidine-1-carbonyl chloride as described for 
compound 1. M. p. 216-218°C 
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Starting Compounds and intermediate products: 

Al. (cis)-4-f3-Chloro-4-methoxv-phenvl)-2-piperidin 
1-one 

A solution of 50 mmol of starting compound A6, 55 mmol of piperidin-4-yl-hydrazine dihydrochloride 
(intermediate product A7) and 100 mmol of triethyiamine in 150 ml of 1-propanol is refluxed for 18 h. 
After cooling to RT, the precipitate is filtered off and dried. M. p. 268-270°C 

A2. (cisM-f4-(3-chloro-4-methoxyphenv 
benzoic acid 

A solution of 8 g of starting compound A6 and 8 g of 4-hydrazinobenzoic acid in a mixture of 100 ml of 
1-propanol and 5 ml of triethyiamine is refluxed for 18 h. After evaporating the solvent, the residue is 
partitioned between diluted hydrochloric acid and dichloromethane. The organic layer is dried over 
magnesium sulfate and evaporated. The residue is purified by chromatography (ethyl acetate). Crystal- 
lisation from diethyl ether. M. p. 222-224°C. 

A3. (cis)-4-(3"Chloro-4-methoxv-phenvl)-4a i 5,8.8a-tetrahvdro-2H-phthaiazin«1-one 

A solution of 50 mmol of starting compound A6 and 0.1 mol of hydrazine hydrate in 100 ml of ethanol is 
refluxed for 5 h. On cooling to RT the compound precipitated. M. p. 201-204°C. 

A4. (cisl^^bromO'buWn^-fS-chloro^-methoxv-phenvlMa^S^^a^etrahvdro^H-phtha- 
lazin-1-one 

12 mmol of sodium hydride is added to a solution of 10 mmol of intermediate product A3 in 50 ml of 
DMF. The resulting mixture is stirred for 30 min after which 50 mmol of 1 ,4-dibrombutane is added. The 
resulting mixture is stirred for 1 h and subsequently poured into water. Purified by chromatography 
(ethyl acetate:hexane/1 :4) and crystallised from hexane. M. p. 109-1 11 °C. 

A5. (cis)-2-(3-f luoro-4-methoxvbenzovl)-1 ,2.3.6-tetrahvdrobenzoic acid 

Prepared analogously to starting compound A6 as described in WO99/47505 using 2-fluoroanisole 
instead of 2-chloroanisole. M, p. 185-187°C. 

A6. (cis)-2-(3-chloro-4-methoxvbenzovl)-1,2 < 3 < 6-tetrahvdrobenzoic acid 



Prepared as described in WO99/47505. 
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A7. Piperidin-4-vl-hvdrazine dihvdrochloride 

A mixture of 0.1 mole of ^(N'-tert-Butoxycarbonyl-hydrazinoJ-piperidine-l^carboxylic acid tert-butyl 
ester (intermediate product A8) and 150 ml of concentrated hydrochloric acid is heated at 90°C for 60 
min after which the clear solution is evaporated. The residue is washed with tetrahydrofurane, filtered 
off and dried under vacuum. M. p. 256-259°C 

A8. ^(N'-tert-Butoxvcarbonvl-hvdrazinoVpiperidine-l-carboxvlic acid tert-butvl ester 

150 ml of a solution of borohydride in tertahydrofurane (1.0 mol/l) is slowly added to a solution of 0.12 
mole of 4-(tert-Butoxycarbonyl-hydrazono)-piperidine-1-carboxylic acid tert-butyl ester (intermediate 
product A9) in 100 ml of dry tetrahydrofurane. After complete addition, the mixture is stirred for another 
30 min after which a 100 ml of water is added to destroy the excess of borohydride. Subsequently the 
tetrahydrofurane is evaporated and the resulting aqeous solution extracted with diethyl ether. After 
drying the solvent over magnesium sulfate, the ether is evaporated. M. p.1 12-1 1 5°C 

A9. 4-(tert-Butoxvcarbonvl-hvdrazono)-piperidine-1-carboxvlic acid tert-butvl ester 

A mixture of 0.15 mole of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester (commercially available) 
and 0.15 mole of tert-butylcarbazate in 250 ml of hexane is stirred for 18 h at RT. The precipitate is 
filtered off and dried under vacuum. M. p. 172-174°C 

A10. (cis)-2-(3-bromo-4-methoxvbenzovn-1 ,2.3.6-tetrahvdrobenzoic acid 

Prepared analogously to starting compound A6 as described in WO99/47505 using 2-bromoanisole 
instead of 2-chloroanisole. M. p. 201-204 ° C 

A11. (cis)-2-(3-chloro-4-ethoxvbenzovl)-1 ,2,3.6-tetrahvdrobenzoic acid 

Prepared analogously to starting compound A6 as described in WO99/47505 using 1-chIoro-2-ethoxy- 
benzene instead of 2-chloroanisole. M. p. 123-1 25 °C 
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Commercial utility 

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and immunocom- 
petent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation and propaga- 
tion of inflammatory diseases (H Tenor and C Schudt, in phosphodiesterase Inhibitors", 21-40, „The 
Handbook of Immunopharmacology", Academic Press, 1996), and its inhibition leads to an increase of 
the intracellular cAMP concentration and thus to the inhibition of cellular activation (JE Souness et al., 
Immunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described 
(MM Teixeira, TiPS 18: 164-170, 1997). For the investigation of PDE4 inhibition on the cellular level (in 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophilic (C Schudt et al., Arch Pharmacol 344: 682-690, 1991) or eosinophilic (A 
Hatzelrnann et al., Brit J Pharmacol 114: 821-831, 1995) granulocytes, which can be measured as lu- 
minol-enhanced chemiluminescence, or the synthesis of tumor necrosis factor-a in monocytes, macro- 
phages or dendritic cells (Gantner et al., Brit J Pharmacol 121: 221-231, 1997, and Pulmonary Pharma- 
col Therap 12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4 inhibitors is evi- 
dent from the inhibition of T-cell responses like cytokine synthesis or proliferation (DM Essayan, Bio- 
chem Pharmacol 57: 965-973, 1999). Substances which inhibit the secretion of the afore-mentioned 
proinflammatory mediators are those which inhibit PDE4. PDE4 inhibition by the compounds according 
to the invention is thus a central indicator for the suppression of inflammatory processes. 

Of the 1 1 phosphodiesterase (PDE) isoenzymes which are presently known, PDE7 was described for 
the first time, as HCP1 ("high affinity cAMP-specific PDE"), in 1993 (Michaeli T, Bloom TJ, Martins T, 
Loughney K, Ferguson K, Riggs M, Rodgers L, Beavo JA and Wigler M, Isolation and characterization 
of a previously undetected human cAMP phosphodiesterase by complementation of cAMP 
phosphodiesterase-deficient Saccharomyces cerevisiae, J Biol Chem 268: 12925-12932, 1993). 
According to today's nomenclature, HCP1 is human PDE7A1; in addition to this, another human 
splicing variant of the same gene (PDE7A 2) (Han P, Zhu X and Michaeli T, Alternative splicing of the 
high affinity cAMP-specific phosphodiesterase (PDE7A) mRNA in human skeletal muscle and heart. J 
Biol Chem 272: 16152-16157, 1997) and a second human PDE7 gene (PDE7B) (Sasaki T, Kotera J, 
Yuasa K and Omori K, Identification of human PDE7B, a cAMP-specific phosphodiesterase Biochem 
Biophys Res Commun 271: 575-583, 2000) were described in the subsequent years. Individual 
representatives of the PDE7 isoenzyme are characterized by being particularly prominently expressed 
in specific areas of the brain (putamen, caudate nucleus), in skeletal muscle, in leukaemic T cell lines 
and in naive CD4+ T cells. The induction of PDE7 has been described as being an essential 
prerequisite for activating T cells (Li L, Yee C and Beavo JA, CD3- and CD28-dependent induction of 
PDE7 required for T cell activation. Science 283: 848-851 , 1999). 
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The compounds according to the invention have useful pharmacological properties which make them 
industrially utilizable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of 
type 4 and 7), they are suitable on the one hand as bronchial therapeutics (for the treatment of airway 
obstructions on account of their dilating action but also on account of their respiratory rate- or respira- 
tory drive-increasing action) and for the removal of erectile dysfunction on account of their vascular 
dilating action, but on the other hand especially for the treatment of disorders, in particular of an in- 
flammatory nature, e.g. of the airways (asthma prophylaxis), of the skin, of the intestine, of the eyes, of 
the CNS and of the joints, which are mediated by mediators such as histamine, PAF (platelet-activating 
factor), arachidonic acid derivatives such as leukotrienes and prostaglandins, cytokines, T-cells, inter- 
leukins, chemokines, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF) or oxygen free 
radicals and proteases. 

On account of their PDE-inhibiting properties, the compounds according to the invention can be em- 
ployed in human and veterinary medicine as therapeutics, where they can be used, for example, for the 
treatment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory and 
allergen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis, bronchial asthma, 
emphysema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) such as 
psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoeic eczema, Lichen 
simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid lupus 
erythematosus, follicular and widespread pyodermias, endogenous and exogenous acne, acne rosacea 
and other proliferative, inflammatory and allergic skin disorders; disorders which are based on an ex- 
cessive release of TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid arthri- 
tis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune system 
(AIDS, multiple sclerosis), graft versus host reaction, allograft rejections, types of shock (septic shock, 
endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (adult respiratory distress 
syndrome)) and also generalized inflammations in the gastrointestinal region (Crohn's disease and 
ulcerative colitis); disorders which are based on allergic and/or chronic, immunological false reactions in 
the region of the upper airways (pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), 
such as allergic rhinitis/sinusitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; 
but also disorders of the heart which can be treated by PDE inhibitors, such as cardiac insufficiency, or 
disorders which can be treated on account of the tissue-relaxant action of the PDE inhibitors, such as, 
for example, erectile dysfunction or colics of the kidneys and of the ureters in connection with kidney 
stones. In addition, the compounds of the invention are useful in the treatment of diabetes insipidus and 
conditions associated with cerebral metabolic inhibition, such as cerebral senility, senile dementia (Alz- 
heimer's disease), memory impairment associated with Parkinson's disease or multiinfarct dementia; 
and also illnesses of the central nervous system, such as depressions or arteriosclerotic dementia. 

Particularly on account of their PDE7-inhibiting properties, the compounds according to the invention 
are suitable for treating T-cell mediated diseases of inflammatory nature, for example of the kidney 
(glomerulonephritis) or of the pancreas (autoimmune diabetes) and, furthermore, for inhibiting the de- 
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generative proliferation of T cells in various forms of T cell leukaemia. In addition, the said compounds 
are of potential value in treating certain diseases of the brain (such as epilepsy) and of the skeletal 
muscle (such as muscular atrophy). 

The compounds according to the invention are distinguished by a low toxicity, a good enteral absorption 
(high bioavailability), a large therapeutic breadth and the absence of significant side effects. 

The invention further relates to a method for the treatment of mammals, including humans, which are 
suffering from one of the abovementioned illnesses. The method is characterized in that a therapeuti- 
cally active and pharmacologically effective and tolerable amount of one or more of the compounds 
according to the invention is administered to the ill mammal. 

The invention further relates to the compounds according to the invention for use in the treatment 
and/or prophylaxis of illnesses, especially the illnesses mentioned. 

The invention also relates to the use of the compounds according to the invention for the production of 
medicaments which are employed for the treatment and/or prophylaxis of the illnesses mentioned. 

The invention furthermore relates to medicaments for the treatment and/or prophylaxis of the illnesses 
mentioned, which contain one or more of the compounds according to the invention. 

Additionally, the invention relates to an article of manufacture, which comprises packaging material and 
a pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent is 
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterases of type 
4 and 7 (PDE4/7), ameliorating the symptoms of an PDE4- and/or PDE7-mediated disorder, and 
wherein the packaging material comprises a label or package insert which indicates that the pharma- 
ceutical agent is useful for preventing or treating PDE4- and/or PDE7-mediated disorders, and wherein 
said pharmaceutical agent comprises one or more compounds of formula I according to the invention. 
The packaging material, label and package insert otherwise parallel or resemble what is generally re- 
garded as standard packaging material, labels and package inserts for pharmaceuticals having related 
utilities. 

The medicaments are prepared by processes which are known per se and familiar to the person skilled 
in the art. As medicaments, the compounds according to the invention (= active compounds) are either 
employed as such, or preferably in combination with suitable pharmaceutical auxiliaries and/or excipi- 
ents, e.g. in the form of tablets, coated tablets, capsules, caplets, suppositories, patches (e.g. as TTS), 
emulsions, suspensions, gels or solutions, the active compound content advantageously being between 
0.1 and 95% and where, by the appropriate choice of the auxiliaries and/or excipients, a pharmaceutical 
administration form (e.g. a delayed release form or an enteric form) exactly suited to the active com- 
pound and/or to the desired onset of action can be achieved. 
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The person skilled in the art is familiar with auxiliaries or excipients which are suitable for the desired 
pharmaceutical formulations on account of his/her expert knowledge. In addition to solvents, gel for- 
mers, ointment bases and other active compound excipients, for example antioxidants, dispersants, 
emulsifiers, preservatives, solubilizers, colorants, complexing agents or permeation promoters, can be 
used. 

The administration of the medicaments according to the invention may be performed in any of the gen- 
erally accepted modes of administration available in the art. Illustrative examples of suitable modes of 
administration include intravenous, oral, nasal, parenteral, topical, transdermal and rectal delivery. Oral 
and intravenous delivery are preferred. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation in the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 10 pm, advantagously of 2 to 6 pm. 

Aerosol generation can be carried out, for example, by pressure-driven jet atomizers or ultrasonic atom- 
izers, but advantageously by propellant-driven metered aerosols or propellant-free administration of 
micronized active compounds from inhalation capsules. 

Depending on the inhaler system used, in addition to the active compounds the administration forms 
additionally contain the required excipients, such as, for example, propellants (e.g. Frigen in the case of 
metered aerosols), surface-active substances, emulsifiers, stabilizers, preservatives, flavorings, fillers 
(e.g. lactose in the case of powder inhalers) or, if appropriate, further active compounds. 

For the purposes of inhalation, a large number of apparatuses are available with which aerosols of op- 
timum particle size can be generated and administered, using an inhalation technique which is as right 
as possible for the patient. In addition to the use of adaptors (spacers, expanders) and pear-shaped 
containers (e.g. Nebufator®, Volumatic®), and automatic devices emitting a puffer spray (Autohaler®), 
for metered aerosols, in particular in the case of powder inhalers, a number of technical solutions are 
available (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European Patent Appli- 
cation EP 0 505 321 ), using which an optimal administration of active compound can be achieved. 

For the treatment of dermatoses, the compounds according to the invention are in particular administe- 
red in the form of those medicaments which are suitable for topical application. For the production of 
the medicaments, the compounds according to the invention (= active compounds) are preferably 
mixed with suitable pharmaceutical auxiliaries and further processed to give suitable pharmaceutical 
formulations. Suitable pharmaceutical formulations are, for example, powders, emulsions, suspensions, 
sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 
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The medicaments according to the invention are prepared by processes known per se. The dosage of 
the active compounds is carried out in the order of magnitude customary for PDE inhibitors. Topical 
application forms (such as ointments) for the treatment of dermatoses thus contain the active com- 
pounds in a concentration of, for example, 0.1-99%. The dose for administration by inhalation is custo- 
mariy between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy (p.o. or i.v.) 
is between 0.03 and 3 mg/kg per day. 
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Bioloqical Investigations 
Method for measuring inhibition of PDE4 and PDE7 activities 

The cDNA for PDE7A1 (Genebank Acc. No. L12052) was isolated, using RT-PCR, from total cellular 
RNA derived from the T cell line CCRF-CEM and cloned into the cloning vector pCR2.1 (Invitrogen, 
Groningen, NL) under standard conditions (the manufacturer's instructions). For expression in insect 
cells, the cDNA was subcloned into the baculo expression vector pCRBac (Invitrogen, Groningen, NL). 
The cDNA for PDE4D3 was a gift of Marco Conti (Stanford University, USA). The ORF (Genebank Acc. 
No. U50159) was cut from the original pCMVS vector with the restriction enzymes EcoRI and Xbal and 
subcloned in the expression vector pBacPak9 (Clontech, Palo Alto). 

The recombinant baculovirus was prepared by means of homologous recombination in SF9 insect cells. 
The expression plasmids were cotransfected with Bac-N~Blue (Invitrogen, Groningen, NL) or 
Baculo-Gold DNA (Pharmingen, Hamburg) using a standard protocol (Pharmingen, Hamburg). Wt vi- 
rus-free recombinant virus supernatants were selected using plaque assay methods. After that, high- 
titre virus supernatants were prepared by amplifying 3 times. PDEs were expressed in SF21 cells by 
infecting 2x1 0 6 cells/ml with an MOI (multiplicity of infection) between 2 and 5 in serum-free SF900 
medium (Life Technologies, Paisley, UK). The cells were cultured at 28°C for 48 hours, after which they 
were pelleted for 5-10 min at 1000g and 4°C. In the case of PDE7A1 cells were cultured in spinner 
flasks at a rotational speed of 75 rpm. 

The SF21 insect cells were resuspended, at a concentration of approx. 10 7 cells/ml, in ice-cold (4°C) 
homogenization buffer (20 mM Tris, pH 8.2, containing the following additions: 140 mM NaCI, 3.8 mM 
KCI, 1 mM EGTA, 1 mM MgCI 2 , 1 mM p-mercaptoethanol, 2 mM benzamidine, 0.4 mM Pefablock, 
10^M leupeptin, 10 jiM pepstatin A, 5^M trypsin inhibitor) and disrupted by ultrasonication. The ho- 
mogenate was then centrifuged for 10 min at 1000xg and the supernatant was stored at -80°C until 
subsequent use (see below). The protein content was determined by the Bradford method (BioRad, 
Munich) using BSA as the standard. 

PDE7A1 and PDE4D3 activities were inhibited by the said compounds in a modified SPA (scintillation 
proximity assay) test, supplied by Amersham Pharmacia Biotech (see procedural instructions "phos- 
phodiesterase [3H]cAMP SPA enzyme assay, code TRKQ 7090"), carried out in 96-well microtitre 
plates (MTP's). The test volume is 100 nl and contains 20 mM Tris buffer (pH 7.4), 0.1 mg of BSA (bo- 
vine serum albumin)/ml, 5 mM Mg 2+ , 0.5 ^M cAMP (including about 50,000 cpm of [3H]cAMP), 2 nl of 
the respective substance dilution in DMSO and sufficient recombinant PDE (1000xg supernatant, see 
above) to ensure that 1 5-20% of the cAMP is converted under the said experimental conditions. After a 
preincubation of 5 min at 37°C, the reaction is started by adding the substrate (cAMP) and the assays 
are incubated for a further 15 min; after that, they are stopped by adding SPA beads (50 ^l). In accor- 
dance with the manufacturer's instructions, the SPA beads had previously been resuspended in water 
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and then diluted 1:3 (v/v); the diluted solution also contains 3 mM IBMX. After the beads have been 
sedimented (> 30 min), the MTP's are analyzed in commercially available measuring appliances and 
the corresponding IC 5 o values of the compounds for the inhibition of PDE activities are determined from 
the concentration-effect curves by means of non-linear regression. 

The inhibitory values determined for the compounds according to the invention follow from the following 
table A, in which the numbers of the compounds correspond to the numbers of the examples. 

Table A 

Inhibition of PDE4 and PDE7 acitivitv [measured as -loglC 50 (mol/l)] 



Gombound 

k % h[ 


'■•>«"!' ^ A 
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^■"■%DE7 Ji ^-' 

-5| V .% 
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••j 1 - 1 /- r,b 
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7.64 
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8.4 


6.97 
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8.25 


6.74 
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8.61 


7.38 
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7.86 


7.18 
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7.64 


7.08 
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8.09 


6.98 
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8.05 


7.05 
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8.59 


7.54 


10 


9.11 


7.73 


11 


9.05 


6.57 


12 


8.19 


7.01 


13 


7.34 


6.42 


17 


7.66 


7.38 


18 


7.63 


7.11 
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Patent claims 

1 . Compounds of formula I 




in which 

R1 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R2 is fluorine, bromine or chlorine, 

R3 and R4 are both hydrogen or together form an additional bond, 
R5 is R6, -C m H 2m -R7, -C n H2n-C(0)R8, -CH(R9) 2 , -C p H 2p -Y-Aryl1, R12 or R26, in which 
R6 1-8C-alkyl, 3-10C-cycloalkyl, 3-7C-cycioaIkylmethyl, 3-7C-alkenyl, 3-7C-alkinyl, phenyl-3-4C- 
alkenyl, 7-10C-polycycloalkyf, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidyl, quinazolinyl, qui- 
noxalinyl, cinnolinyl, isoquinolinyl, quinolinyl, indanyl, indazolyl, benzoxazolyl, benzothiazolyl, oxa- 
zolyi, thiazolyl N-methylpiperidyl, tetrahydropyranyl, 6-methyl-3-trifluoromethyl-pyr/din-2-yl, 
1 ,3,4-trimethyM H-pyrazolo[3,4-b]pyridin-6-yl, 3-thiophen-2-yl[1 ^Jthiadiazol-S-yl, 1 ,1 -dioxide-te- 
trahydrothiophen-3-yl, 1-oxo-1,3-dihydro-isobenzofuran-5-yl, 4-(4-yl-but-1-oxy)-benzoic acid, or 
an unsubstituted or by R61 and/or R62 substituted phenyl radical, in which 
R61 is hydroxyl, 1-4C-alkyl, 1-4C-alkoxy, nitro, cyano, halogen, carboxyl, hydroxycarbonyM-4C-alkyl, 
1-4C-alkoxycarbonyl, hydroxy-1-4C-alkyl, amino, mono- or dM-4C-alkylamino, 1-4C-alkylcarbon- 
ylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl, aminosulfonyl, mono- or di-1-4C- 
alkylaminosulfonyl, 4-methylphenylsulfonamido, imidazolyl, tetrazol-5-yl, 2-(1~4C-alkyI)tetrazol-5- 
yl or 2-benzyl-tetrazol-5-yl and 
R62 is 1-4C-alkyl, 1-4C-alkoxy, nitro or halogen, 

R7 is hydroxyl, halogen, cyano, nitro, nitroxy(-0-N0 2 ), carboxyl, carboxyphenyloxy, phenoxy, 
1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, 1-4C-alkylcarbonyl, 1-4C-alkylcarbonyl- 
oxy, 1-4C-alkylcarbonylamino, 1-4C-alkoxycarbonyl, aminocarbonyl, mono- or di-1-4C-alkylami- 
nocarbonyl, amino, mono- or di-1-4C-alkylamino, or an unsubstituted or by R71 and/or R72 sub- 
stituted piperidyl, piperazinyl, pyrrolidinyl or morpholinyl radical, where 

R71 is hydroxyl, 1-4C-alkyl, hydroxy-1-4C-alkyl or 1-4C-alkoxycarbonyl, and 

R72 is 1-4C-alkyl, carboxyl, aminocarbonyl or l-4C-alkoxycarbonyl, 

R8 is an unsubstituted or by R81 and/or R82 substituted phenyl, naphthyl, phenanthrenyl or anthra- 
cenyl radical, in which 

R81 is hydroxyl, halogen, cyano, 1-4C-alkyl, l-4C-alkoxy, carboxyl, aminocarbonyl, mono- or di-1-4C- 
alkylaminocarbonyl, 1 -4C-alkylcarbonyloxy, 1-4C-alkoxycarbonyl, amino, mono- or di-1-4C-alkyl- 
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amino, 1-4C-aIkylcarbonylamino, or 1-4C-alkoxy which is completely or predominantly substituted 
by fluorine, and 

R82 is hydroxyl, halogen, 1-4C-alkyl, 1-4C-aikoxy or 1-4C-alkoxy which is completely or predomi- 
nantly substituted by fluorine, 
R9 is -CqHzq-phenyl, 
Y is a bond or O (oxygen), 

Aryll is an unsubstituted phenyl, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, quinazolinyl, qui- 
noxalinyl, cinnolinyl, isoquinolyl, quinolyl, coumarinyl, benzimidazolyl, benzoxazolyl, benzo- 
thiazolyl, benzotriazolyl, N-benzosuccinimidyl, imidazolyl, pyrazolyl, oxazolyl, thiazolyl, furyl, 
thienyl, pyrrolyl, a 2-(1-4C-alkyl)-thiazol-4-yl radical, or a phenyl radical substituted by R10 and/or 
R11, in which 

R10 is hydroxyl, halogen, nitro, cyano, 1-4C-alkyl, trifluoromethyl, 1-4C-a!koxy, carboxyl, hydroxycar- 
bonyl-1-4C-alkyl, 1-4C-aIkylcarbonyloxy, 1-4C-alkoxycarbonyl, amino, mono- or di-1-4C-alkyl- 
amino, 1-4C-alkyIcarbonylamino, aminocarbonyl, mono- or di-1-4C-alkylamino-carbonyl, imida- 
zolyl or tetrazolyl, and 

R1 1 is hydroxyl, halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

m is an integer from 1 to 8, 

n is an integer from 1 to 4, 

p is an integer from 1 to 6, 

q is an integer from 0 to 2, 

R12 is a radical of formula (a) 




wherein 

R13 is -S(0)2-R14, -S(0) 2 -(CH 2 ) r R15, -(CH 2 ) S -S(0) 2 -R1 6, -C(0)R17, -C(0)-(CH 2 ) r -R18, 

-(CH 2 ) S -C(0)-R19, Hetaryll, Aryl2 or Aryl3-1-4C-alkyl, 
R14 is 1-4C-aIkyl, 5-dimethylaminonaphthalin-1-yl, -N(R20)R21, phenyl or phenyl substituted by R22 

and/or R23, 
R15 is-N(R20)R21, 
R16 is-N(R20)R21, 

R17 is 1-4C-alkyl, hydroxycarbonyl-1-4C-alkyl, phenyl, pyridyl, 4-ethyI-piperazin-2,3-dion-1-yl, 2-oxo- 

imidazolidin-1-yl or -N(R20)R21, 
R18 is-N(R20)R21, 

R19 is -N(R20)R21, phenyl, phenyl substituted by R22 and/or R23 and/or R24, 
R20 and R21 are independent from each other hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cyclo- 
alkylmethyl or phenyl, or R20 and R21 together and with inclusion of the nitrogen atom to which 
they are bonded, form a 4-morpholinyl-ring, 1-pyrrolidinyl-ring, 1-piperidinyl-ring, 1-hexahydro- 
azepino-ring or a 1-piperazinyl-ring of formula (b) 
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R25 



(b) 



wherein 



R25 is pyrid-4-yl, pyrid-4-yImethyl, I^C-alkyl-dimethylamino, dimethyiaminocarbonylmethyl, 

N-methyl-piperidin-4-yl, 4-morpholino-ethyl or tetrahydrofuran-2-ylmethyl,- 
R22 is halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, 1-4C-alkoxycarbonyl, 

amino, mono-or dM^C-alkylamino, aminocarbonyl 1-4C-alkylcarbonylamino or mono-or di- 

1 ^C-alkylaminocarbonyl, 
R23 is halogen, amino, nitro, 1-4C-aIkyl or 1-4C-aIkoxy, 
R24 is halogen, 

HetaryH is pyrimidin-2-yl, thieno-[2,3-d]pyrimidin-4-yl, 1-methyl-1H-pyrazolo-[3,4-d]pyrimidin-4-yl, thia- 

zolyl, imidazolyl or furanyl, 
AryI2 is pyridyl, phenyl or phenyl substituted by R22 and/or R23, 

Aryl3 is pyridyl, phenyl, phenyl substituted by R22 and/or R23, 2-oxo-2H-chromen-7-yl or 

4-(1 ,2,3-thiadiazol-4-yl)phenyl, 
r is an integer from 1 to 4, 
s is an integer from 1 to 4, 
R26 is a radical of formula (c) 



R27 is -C(0)R28, -(CH2)rC(0)R29, -(CH 2 ) U R30 ? Aryl4, Hetaryl2, phenylprop-1-en-3-yl or 1-methyl- 
piperidin-4-yl, 

R28 hydrogen, 1-4C-alkyl, -OR31, furanyl, indolyl, phenyl, pyridyl, phenyl substituted by R34 and/or 

R35 or pyridyl substituted by R36 and/or R37, 
R29 is -N(R32)R33, 

R30 is -N(R32)R33, tetrahydrofuranyl or pyridinyl, 
R31 is1-4C-alkyl, 

R32 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycIoalkylmethyl, 
R33 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 




N-R27 




(c) 



wherein 
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or R32 and R33 together and with inclusion of the nitrogen atom to which they are bonded, form a 
4-morpholinyl-, 1-pyrrolidinyi-, 1-piperidinyl- or 1-hexahydroazepinyl-ring, 

Aryi4 is phenyl, pyridyi, pyrimidinyl, phenyl substituted by R34 and/or R35, pyridyl substituted by R36 
and/or R37, 

R34 is halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R35 is halogen or 1-4C-alkyl, 

R36 is halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R37 is halogen or 1 -4C-alkyl, 

Hetaryl2 is indol-4-yl, 2-methyl-quinolin-4-yl, 5-chloro-6-oxo-1-phenyl-1 ,6-dihydro-pyridazin-4-yl, 

3-phenyl-1,2,4-thiadiazol-5-y) or 3-o-tolyl-1,2,4-thiadiazol-5-yl f 
t is an integer from 1 to 4, 
u is an integer from 1 to 4, 
v is an integer from 1 to 2, 
X is-C(0)-or-S(0) 2 -, 

and the salts of these compounds, with the proviso that the compound (cis)-4-(3-Chloro-4-methoxy- 
phenyl)-2-cycloheptyl-4a,5,8,8a-tetrahydro-2H-phthalazin-1 -one is excluded. 

2. Compounds of formula I according to claim 1 in which 

R1 is methoxy or ethoxy, 

R2 is chlorine, bromine or fluorine 

R3 and R4 together form an additional bond, 

R5 is R6, -CVWR7, -C p H 2p -Y-Aryl1 , R12 or R26 in which 

R6 3-6C-cycloalkyl, 3-7C-cycloalkylmethyl, quinoxalinyl, indazolyl, benzothiazolyl, 6-methyl-3- 
trifluoromethyl-pyridin-2-yI, 1 ^^-trimethyl-IH-pyrazolo^^-blpyridin-e-yl, 3-thiophen-2-yl[1 ,2,4]- 
thiadiazol-5-yl, 1 , 1 -dioxide-tetrahydrothiophen-3-yl, 1 -oxo-1 ,3-dihydro-isobenzofuran-5-yl, 4-(4-yl- 
but-1-oxy)-benzoic acid, or an unsubstituted or by R61 substituted phenyl radical, in which 



R61 


is 1-4C-alkyl, 1-4C-alkoxy, carboxyl or l-4C-alkoxycarbonyi, 


R7 


is carboxyphenyloxy, 


Y 


is a bond, 


AryH 


is imidazolyl, 


m 


is an integer from 1 to 4, 


P 


is an integer from 1 to 4, 


R12 


is a radical of formula (a) 




wherein 

R13 is -S(0) 2 -R14, -C(0)R17 or Aryi3-1-4C-alkyl, 
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R14 is phenyl or phenyl substituted by R22, 

R17 is 1-4C-alkyi, 2-oxo-imidazolidin-l-yl or -N(R20)R21 , 

R20 and R21 are independent from each other 1-7C-alkyI, or R20 and R21 together and with inclusion 
of the nitrogen atom to which they are bonded, form a 4-morpholinyl-, 1-pyrrolidinyl-, 1-piperi- 
dinyl- or 1-hexahydroazepino-ring, 

R22 is 1-4C-alkyi, 

Aryl3 is pyridyl, 

R26 is a radical of formula (c) 



R27 is -(CH 2 ) U R30, 
R30 is -N(R32)R33, 
R32 is 1-4C-alkyl, 
R33 is 1-4C-alkyl, 

or R32 and R33 together and with inclusion of the nitrogen atom to which they are bonded, form a 

4-morpholinyl-, 1-pyrrolidinyl-, 1-piperidinyI-or 1-hexahydroazepinyI-ring, 
u is an integer from 1 to 4, 
v Is 1, 
X is -C(OK 

and the salts of these compounds. 

3. Compounds of formula I according to claim 1 in which 

R1 is methoxy or ethoxy, 

R2 is chlorine, bromine or fluorine, 

R3 and R4 together form an additional bond, 

R5 is 1-(morphoIin-4-yl-methanoyl)-piperidin-4-yl, 1-(toluene-4-sulfonyl)-piperidin-4-yl, 1-acetyl-piperi- 
din-4-yl, 1-(pyridin-4-ylmethyl)-piperidin-4-yl, 4-{1-t4-(2-dimethylamino-ethyl)-piperazin-1-yl]- 
methanoyl}-phenyI, quinoxalin-2-yl, 6-methyl-3-trifluoromethyl-pyridin-2-yl, 1,3,4-trimethyl-1H-py- 
razolo[3,4-b]pyridin-6-yl, phenyl, 3-thiophen-2-yl[1 ,2,4]thiadiazol-5-yI, 1 , 1-dioxide-tetrahydro- 
thiophen-3-yl, benzothiazol-6-yl, l-oxo-I.S-dihydro-isobenzofuran-S-yl, 1H-indazol-5-yl, cyclo- 
pentyl, 4-imidazol-1-yl-butyl, 4-(4-yl-but-1-oxy)-benzoic acid, 4-hydroxycarbonylphenyl or 1-[1-[2- 
oxo-imidazolidin-1-y))methanoyl]piperidin-4-yl, 

and the salts of these compounds. 
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4. Compounds of formula I according to claim 1 in which 
R1 is methoxy or ethoxy, 

R2 is chlorine, 

R3 and R4 together form an additional bond, 

R5 is 1-(morpholin-4-yl-methanoyl)-piperidin-4-yl, 1-(toluene-4-sulfonyl)-piperidin-4-yl, 1-acetyI-piperi- 
din-4-yl, 1 -(pyridin-4-ylmethyl)-piperidin-4-yl, 4-{1 -[4-(2-dimethyIamino-ethyl)-piperazin-1-yl]- 
methanoylj-phenyl, quinoxalin-2-yl, e-methyl-S-trifluoromethyl-pyridin^-yl, 1 ,3,4-trimethyM H- 
pyrazolo[3,4-b]pyridin-6-yl, phenyl, 3-thiophen-2-yl[1,2,4]thiadiazol-5-yl, 1,1-dioxide-tetrahydro- 
thiophen-3-yl, benzothiazol-6-yl, 1-oxo-1,3-dihydro-isobenzofuran-5-yl, 1 H-indazol-5-yl, cyclopent- 
yl, 4-imidazoM-yl-butyl, 4-(4-yl-but-1-oxy)-benzoic acid, 4-hydroxycarbonylphenyl or 1-[1-[2-oxo- 
imidazoIidin-1-yl)methanoyl]piperidin-4-yl, 

and the salts of these compounds. 

5. Compounds of formula I according to claim 1 selected from 
(cis)-4-(3-Chloro-4-methoxy-pheny^ 
dro-2H-phthalazin-1 -one, 
(cis)-4-(3-Chloro-4-methoxy-^ 

phthalazin-1-one, 

(cis)-2-(1-Acetyl-piperi 

one, 

(cisH-(3-Chloro-4-methoxy-phenyl)-2-^ 
phthalazin-1-one, 

(cis)-4-(3-Chloro-4-methoxy-phenyl^ 
phenyl)-4a,5,8,8a-tetrahydro-2H-phthaIazin-1-one, 
(cis)-4-(3-Chloro-4-methoxy-phenyI^ 
phthalazin-1-one, 

(cis)-2-Benzothiazol-6-yl-4-(3-chloro-4-me 

(cis)-4-(3-Chloro-4-methoxy-phenyl)-2-(1^^^ 

phthalazin-1-one, 

(cis)-4-(3-Chloro-4-methoxy-pheny^^^ 
(cis)-4-(3<:hloro-4-methoxy-phenyl)-2^ 
(cis)-4-(3-Chloro-4-methoxy~phenyl)-2^ 
(cis)-4-{4-[4-(3-ChIoro-4-methoxy-phen^ 
oic acid, 

(cis>4-[ 4 -(3-F)uoro-4-methoxy-phenyl)-1 -oxo-4a,5,8,8a-tetrahydro-1 H-phthaJazin-2-yl]-benzoic acid, 
(cis)-4-{ 4 -(3-chloro-4-methoxyphenyl)-1 -oxo-4a,5,8,8a-tetrahydro-1 H-phthalazin-2-yl}benzoic acid, 
(cisM-{4-(3-bromo^-methoxyphenyl)-1-oxo acid, 
(cisM-(3-chloro-4-methoxy-^^ 

(cis)-4-(3-ChIoro-4-methoxy-phenyl)-2~0 ,3,4-trimethyl-l H-pyrazolo[3,4-b]pyridin-6-yl)-4a t 5,8 f 8a-tetra- 
hydro-2H-phthalazin-1 -one, 
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(cis)-4-(3-ChIoro-4-metooxy-phenyI)-2-(3^^ 
phthalazin-1-one, 

(cis)-4-(3-Chloro-4-methoxy-phenyl)-2-(1 ,1 -dioxo-tetrahydro-ll(6Hhiophen-3-yIHa f 5,8 f 8a4etrahydro- 

2H-phthaiazin-1 -one, 

(cisM-(3-Chloro-4-ethoxy-pte^ 

(cis)-4-(3-Chloro-4-methoxy-phenyl)^ 

(cis)-4-(3-Chloro-4-methoxy-phen^^ 

4a,5,8,8a-tetrahydro-2H-phthaIazin-1-one, 

and the salts of these compounds. 

6. Compounds of formula I according to claim 1 in which 

R1 is 1 -2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine, 
R2 is fluorine, bromine or chlorine, 

R3 and R4 are both hydrogen or together form an additional bond, 
R5 is R6, -C m H 2m -R7, -C n H 2n -C(0)R8, -CH(R9) 2 , -C p H 2p -Y-Aryl1 , R12 or R26, in which 
R6 1-8C-alkyl, 3-1 OC-cycloalkyl, 3-7C-cycloalkylmethyi, 3-7C-alkenyl, 3-7C-alkinyl, phenyl-3-4C- 
alkenyl, 7-10C-polycycloaIkyl, naphthyl, pyridyl, pyrazinyi, pyridazinyl, pyrimidyl, quinazolinyl, qui- 
noxalinyl, cinnolinyl, isoquinolinyl, quinolinyl, indanyl, indazolyl, benzoxazolyf, benzothiazolyl, oxa- 
zolyl, thiazolyl, N-methylpiperidyl, tetrahydropyranyl, 6-methyl-3-trifluoromethyl-pyridin-2-y), 1,3,4- 
trimethyl-1 H-pyrazolo[3 f 4-b]pyridin-6-yl, 3-thiophen-2-yl[1 ,2,4]thiadiazol-5-yl, 1 ,1 -dioxide-tetrahy- 
drothiophen-3-yl, 1-oxo-1,3~dihydro-isobenzofuran-5-yl, 4-(4-yI-buM-oxy)-benzoic acid, or an un- 
substituted or by R61 and/or R62 substituted phenyl radical, in which 
R61 is hydroxyl, 1-4C-alkyl, 1-4C-alkoxy, nitro, cyano, halogen, carboxyl, hydroxycarbonyl-1-4C-alkyl, 
1-4C-alkoxycarbonyl, hydroxy-1-4C-aikyl, amino, mono- or di-1-4C-alkyIamino, 1-4C-alkylcarbon- 
ylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl, aminosulfonyl, mono- or di-1-4C- 
alkylaminosulfonyl, 4-methylphenylsulfonamido, imidazolyl, tetrazoi-5-yl, 2-(1-4C-alkyl)tetrazol-5- 
yl or 2-benzyl-tetrazol-5-yl and 
R62 is 1-4C-aIkyl, 1-4C-alkoxy, nitro or halogen, 

R7 is hydroxyl, halogen, cyano, nitro, nitroxy(-0-N0 2 ), carboxyl, carboxyphenyloxy, phenoxy, 
1-4C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, 1-4C-alkylcarbonyl, 1-4C-alkylcarbonyl- 
oxy, 1-4C-alkyicarbonylamino, 1-4C-alkoxycarbonyl, aminocarbonyl, mono- or di-1-4C-alkyi- 
aminocarbonyl, amino, mono- or di-1-4C-alkylamino, or an unsubstituted or by R71 and/or R72 
substituted piperidyl, piperazinyl, pyrrolidinyl or morpholinyl radical, where 

R71 is hydroxy!, 1-4C-alkyl, hydroxy-1-4C-alkyl or 1-4C-aIkoxycarbonyl, and 

R72 is 1-4C-alkyI, carboxyl, aminocarbonyl or 1-4C-alkoxycarbonyl, 

R8 is an unsubstituted or by R81 and/or R82 substituted phenyl, naphthyl, phenanthrenyl or anthra- 
cenyl radical, in which 

R81 is hydroxyl, halogen, cyano, 1-4C-alkyl, 1-4C-alkoxy, carboxyl, aminocarbonyl, mono- or di-1-4C- 
alkylaminocarbonyl, 1-4C-aIkylcarbonyloxy, 1-4C-alkoxycarbonyl, amino, mono- or di-1-4C-alkyl- 
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amino, 1-4C-a1kylcarbonyIamino f or 1-4C-aIkoxy which is completely or predominantly substituted 
by fluorine, and 

R82 is hydroxyl, halogen, 1-4C-alkyl, 1-4C-aIkoxy or 1-4C-a!koxy which is completely or predomi- 
nantly substituted by fluorine, 
R9 is -CqHaq-phenyl, 
Y is a bond or O (oxygen), 

AryH is an unsubstituted phenyl, naphthyl, pyridyl, pyrazinyl, pyridazinyl, pyrimidinyl, quinazolinyl, qui- 
noxalinyl, cinnolinyl, isoquinolyl, quinolyl, coumarinyl, benzimidazolyl, benzoxazolyl, benzothia- 
zolyl, benzotriazolyl, N-benzosuccinimidyl f imidazolyl, pyrazolyl, oxazolyl, thiazolyl, furyl, thienyl, 
pyrrolyl, a 2-(1-4C-alkyl)-thiazol-4-yl radical, or a phenyl radical substituted by R10 and/or R11, in 
which 

R10 is hydroxyl, halogen, nitro, cyano, 1-4C-alkyl, trifluoromethyl, i-4C-alkoxy, carboxyl, hydroxycar- 
bonyl-1-4C-alkyl, 1-4C-aIkylcarbonyloxy, l-4C-a!koxycarbonyl, amino, mono- or di-1-4C-alkyl- 
amino, 1-4C-alkylcarbonylamino, aminocarbonyl, mono- or dM^C-alkyiamino-carbonyl, imida- 
zolyl or tetrazolyl, and 

R1 1 is hydroxyl, halogen, nitro, 1 -4C-alkyl or 1 -4C-alkoxy, 

m is an integer from 1 to 8, 

n is an integer from 1 to 4, 

p is an integer from 1 to 6, 

q is an integer from 0 to 2, 

R12 is a radical of formula (a) 



R13 is -S(0) 2 -R14, -S(0) 2 -(CH 2 ) r R15, -(CH 2 ) S -S(0) 2 -R16, -C(0)R17, -C(0)-(CH 2 ) r -R18, 

-(CH 2 ) S -C(0)-R19, HetaryU, Aryl2 or Aryl3-1-4C-aIkyl, 
R14 is 1-4C-aikyI, 5-dimethylaminonaphthaIin-1-yl, -N(R20)R21, phenyl or phenyl substituted by R22 

and/or R23, 
R15 is-N(R20)R21, 
R16 is-N(R20)R21, 

R17 is 1-4C-alkyl, hydroxycarbonyl-1-4C-alkyI, phenyl, pyridyl, 4-ethyl-piperazin-2,3-dion-1-yl or 

-N(R20)R21, 
R18 is-N(R20)R21, 

R19 is -N(R20)R21 , phenyl, phenyl substituted by R22 and/or R23 and/or R24, 
R20 and R21 are independent from each other hydrogen, 1-7C-alkyl, 3-7C-cycloalkyl, 3-7C-cyclo- 
alkylmethyl or phenyl, or R20 and R21 together and with inclusion of the nitrogen atom to which 
they are bonded, form a 4-morpholinyl-, 1-pyrrolidinyl-, 1-piperidinyl-, 1-hexahydroazepino- or a 
1-piperazinyl-ring of formula (b) 




N-R13 
(a) 



wherein 
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N-R25 



(b) 



wherein 



R25 is pyrid-4-yl, pyrid-4-yImethyl, 1-4C-alkyl-dimethylamino, dimethylaminocarbonylmethyl, 

N-methyl-piperidin-4-yl, 4-morpholino-ethyl or tetrahydrofuran-2-yImethyl, 
R22 is halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, 1-4C-alkoxycarbonyl, 

amino, mono-or di-1-4C-alkylamino, aminocarbonyl 1-4C-alkylcarbonyIamino or mono-or di- 

1 -4C-alkylaminocarbonyl, 
R23 is halogen, amino, nitro, l-4C-alkyl or 1-4C-alkoxy, 
R24 is halogen, 

Hetaryll is pyrimidin-2-yl, thieno-[2,3-d]pyrimidin-4-yl, 1-methyl-1H-pyra2olo-[3,4-d]pyrimidin-4-yl, thia- 

zolyl, imidazolyl orfuranyl, 
Aryl2 is pyridyl, phenyl or phenyl substituted by R22 and/or R23, 

Aryl3 is pyridyl, phenyl, phenyl substituted by R22 and/or R23, 2-oxo-2H-chromen-7-yl or 

4-(1 ,2,3-thiadiazol-4-yl)phenyl, 
r is an integer from 1 to 4, 
s is an integer from 1 to 4 f 
R26 is a radical of formula (c) 



R27 is -C(0)R28, -(CH 2 )rC(0)R29, -(CH 2 ) U R30, AryI4, Hetaryl2, phenylprop-1-en-3-yl or 1-methyl-pi- 
peridin-4-yl, 

R28 hydrogen, 1-4C-alkyI, -OR31, furanyl, indolyl, phenyl, pyridyl, phenyl substituted by R34 and/or 

R35 or pyridyl substituted by R36 and/or R37, 
R29 is -N(R32)R33, 

R30 is -N(R32)R33, tetrahydrofuranyl or pyridinyl, 
R31 is 1-4C-alkyl, 

R32 is hydrogen, 1 -4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl, 
R33 is hydrogen or 1 -4C-alkyi, 3-7C«cycloalkyl or 3-7C-cycloaIkylmethyl, 
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or R32 and R33 together and with inclusion of the nitrogen atom to which they are bonded, form a 

4-morpholinyl-, 1-pyrrolidinyl-, 1-piperidinyl- or 1-hexahydroazepinyl-ring f 
Aryl4 is phenyl, pyridyl, phenyl substituted by R34 and/or R35, pyridyl substituted by R36 and/or R37, 
R34 is halogen, nitro, 1-4C-alkyl, trifluoromethyl or 1-4C-alkoxy, 
R35 is halogen or 1 -4C-alkyl, 

R36 is halogen, nitro, 1-4C-alkyI, trifluoromethyl or 1-4C-alkoxy, 
R37 is halogen or 1 -4C-alkyl, 

Hetaryl2 is indol-4-yl, 2-methyI-quinolin-4-yi, 5-chloro-6-oxo-1-phenyl-1,6-dihydro-pyrida2in-4-yl or 

3- phenyl-1 ,2,4-thiadiazol-5-yl, 
t is an integer from 1 to 4, 

u is an integer from 1 to 4, 
v is an integer from 1 to 2, 
X is-C(0)-or-S(0) 2 -, 

and the salts of these compounds, with the proviso that the compound (cis)-4-(3-Ch!oro-4-methoxy- 
phenyl)-2-cyc!oheptyl-4a,5,8,8a-tetrahydro-2H-phthalazin-l-one is excluded. 

7. Compounds of formula I according to claim 1 in which 
R1 is methoxy or ethoxy, 

R2 is chlorine, 

R3 and R4 together form an additional bond, 

R5 is 1 -(1 -morpholin«4-yI-methanoyl)-piperidin-4-yl, 1 -(toIuene-4-sulfonyl)-piperidin-4-yl, 1 -acetyl- 
piperidin-4-yl, 1-(pyridin-4-yImethyl)«piperidin-4-yl, 4-{1-[4-(2-dimethylamino-ethyl)-piperazin-1-yl]- 
methanoyl}-phenyl, quinoxalin-2-yI, 6-methyl-3-trifluoromethyl-pyridin-2-yl, 1,3,4 trimethyl-1 H-py- 
razolo[3,4-b]pyridin-6-yl, phenyl, 3-thiophen-2-yl[1 ,2,4]thiadiazol-5-yl, 1 ,1 -dioxide-tetrahydrothio- 
phen-3-yl, 2-benzothiazol-6-yl, 1-oxo-1,3-dihydro-isobenzofuran-5-yl, 1H-indazol-5-yl, cyclopentyl, 

4- imidazol-1-yl-butyl, 4-(4-yl-but-1-oxy)-benzoic acid or hydroxycarbonylphen-4-yl, 
and the salts of those compounds. 

8. Compounds of formula I according to claim 1 in which 
R1 is methoxy, 

R2 is chlorine, 

R3 and R4 together form an additional bond, 

R5 is 1-(1-morpholin-4-yl-methanoyl)-piperidin-4-yI, 1«(toluene-4-sulfonyl)-piperidin-4-yI, 1-acetyl-pi- 
peridin-4-yl, 1 -(pyridin-4-ylmethyl)-piperidin-4-yl, 4-{1 -[4-(2-dimethyIamino-ethyl)-piperazin-1 -yl]- 
methanoyl}-phenyl, 6-methyl-3-trifluoromethyl-pyridin-2-yl, 2-benzothiazol-6-yl, l-oxo-1,3-dihydro- 
isobenzofuran-5-yl, 1 H-indazol-5-yl, cyclopentyl, 4-imidazol-1-yl-butyl, 4-(4-yI-buM-oxy)-benzoic 
acid or hydroxycarbonylphen-4-yl, 

and the salts of those compounds. 



WO 02/085906 



-41 - 



PCT/EP02/04438 



9. Compounds of formula I according to one of the claims 1 to 8 in which the hydrogen atoms in the 
positions 4a and 8a are cis-configurated. 

10. Compounds of formula I according to one of the claims 1 to 8 in which the absolute configuration 
(according to the rules of Cahn. Ingold and Prelog) is S in the position 4a and R in the position 
8a. 

11. Compounds of formula I according to claim 1 for the treatment of diseases. 

12. Medicaments containing one or more compounds of formula I according to claim 1 together with 
the usual pharmaceutical auxiliaries and/or carrier materials. 

13. Use of compounds of formula I according to claim 1 for the preparation of medicaments for the 
treatment of airway disorders. 



